Roles of active site residues and the HUH motif of the F plasmid TraI relaxase.
Bacterial conjugation, transfer of a single strand of a conjugative plasmid between bacteria, requires sequence-specific single-stranded DNA endonucleases called relaxases or nickases. Relaxases contain an HUH (His-hydrophobe-His) motif, part of a three-His cluster that binds a divalent cation required for the cleavage reaction. Crystal structures of the F plasmid TraI relaxase domain, with and without bound single-stranded DNA, revealed an extensive network of interactions involving HUH and other residues. Here we study the roles of these residues in TraI function. Whereas substitutions for the three His residues alter metal-binding properties of the protein, the same substitution at each position elicits different effects, indicating that the residues contribute asymmetrically to metal binding. Substitutions for a conserved Asp that interacts with one HUH His demonstrate that the Asp modulates metal affinity despite its distance from the metal. The bound metal enhances binding of ssDNA to the protein, consistent with a role for the metal in positioning the scissile phosphate for cleavage. Most substitutions tested caused significantly reduced in vitro cleavage activities and in vivo transfer efficiencies. In summary, the results suggest that the metal-binding His cluster in TraI is a finely tuned structure that achieves a sufficient affinity for metal while avoiding the unfavorable electrostatics that would result from placing an acidic residue near the scissile phosphate of the bound ssDNA.